Objectives: (1) To describe body composition of the frail elderly, (2) To relate lean body mass to muscle strength and functional ability, and (3) To assess temporal stability of strength measures and index of functional ability. Design: Cross-sectional study. Setting: Community-dwelling. Subjects: Thirty frail elderly women (81.5 AE 7 y) recruited from residences or out-patient facilities. Methods: Total body fat and fat-free mass (FFM) were determined using multi-frequency bioelectrical impedance analysis and predicted from anthropometry. Handgrip strength, biceps and quadriceps strength, functional capacities (Timed`Up & Go') as well as self-perceived health and functional status were measured. Reliability was assessed using two separate observations made one week apart by the same examiner. Results: Mean height, weight and body mass index were 1.52 AE 0.04 m, 60.4 AE 10.7 kg and 26.0 AE 4.8 kg/m 2 respectively. FFM (34.1 AE 4.6 kg) was lower than previous reports for autonomous elderly females and associated with all measures of muscle strength (Pearson's r 0.42±0.62, P 0.02), but not with performance on the Timed`Up & Go' or self-perceived health and functional status. Strength measures correlated signi®cantly with different subscales of self-perceived functional capacities and were signi®cantly lower among women with a low %FFM (n 19) and those reporting pain (n 11) as compared to other women. Excellent temporal stability for muscle and functional measures was observed (ICC 0.80±0.90). Conclusions: Muscle strength was strongly related to FFM in free-living frail elderly women especially in the absence of pain.
Introduction
The functional autonomy of the frail elderly living in the community or in institutions is important to both their quality of life and their need for support services. Loss of autonomy is related in part to a loss in muscle mass and muscle strength that may be due to senescent changes in neuromuscular tissue, atrophy related to disuse, disease processes or drug treatment, or inadequate nutrition (Evans, 1995) . This age-related loss in skeletal muscle is being referred to as`sarcopenia' (Evans, 1995) and both the reasons for this decline and the potential reversibility are of great interest. Importantly, it was shown that, in frail elderly men and women, this process of muscle wasting may be reversed with high intensity resistance exercise which may lead to functional improvements (Fiatarone et al, 1994) .
There are well known changes in body composition associated with aging, such as decreased muscle mass and increased percent fat mass (Cohn et al, 1983) , that simple weight measurements fail to adequately describe.
Among healthy elderly, muscle area is weakly correlated with muscle strength, once the confounding effect of gender is removed (Frontera et al, 1991; Reed et al, 1991) , and losses in muscle mass have been related to losses in muscle function in a number of settings (Hyatt et al, 1990; Skelton et al, 1994) . To date most data on body composition in the elderly have been gathered among healthy volunteers who, because of their interest in being measured, may represent a particularly healthy subset of the population.
Among groups at great risk of poor nutrition, it was shown that although weight for height is not related to respiratory muscle strength, fat-free mass, as a percentage of ideal body weight, is related to muscle strength (Schols et al, 1995) , suggesting that changes in body composition affect muscle strength and functional status. In addition, muscle strength per unit of muscle mass seems to decline with aging as well (Reed et al, 1991; Kallman et al, 1990) . It is important to have reliable measures of muscle strength and function in the frail elderly and to understand how they are related to body composition so as to assess functional changes in relation to changes in body composition (Manandhar, 1995) .
In order to describe the body composition of the frail elderly, we measured bioelectrical impedance in a sample of free-living frail elderly women. Muscle strength and functional ability were assessed to ascertain which measures were most closely related to body composition. Comparison of estimations of fat-free mass (FFM) by bioelectrical impedance spectroscopy (BIS) and anthropometry were undertaken because many conditions among the elderly invalidate impedance measurements. Test-retest reliability of the muscle strength measures and indices of functional ability was also assessed.
Subjects and methods

Study population
Subjects were recruited from ®ve different sources: (1) a residence for retired nuns; (2) volunteers working at the Sherbrooke Geriatric University Institute (Que Âbec); (3) patients admitted for short-term geriatric assessment at this facility; (4) Day Hospital clients; and (5) residents of two convent-run homes.
Eligible subjects included community-living frail (depending on others for one or more aspects of their activities of daily living), ambulatory women, 65 y and older. Excluded were those with conditions that would (1) preclude their ability to perform the muscle function tests; (2) affect optimal performance as a result of a recent acute illness, unstable condition, depression (Yesavage & Brink, 1983) or use of medications such as corticosteroids; (3) invalidate estimates of body composition by BIS due to the presence of hardware in arti®cial prostheses, edema, dehydration, hemiplegia or medications affecting watermineral homeostasis; (4) preclude the introduction of the weak electrical current used in BIS, such as internal pacemakers; and (5) preclude their ability to understand the nature of the study and follow instructions (Folstein et al, 1975) . A total of 30 women met all eligibility criteria and, upon providing signed informed consent, made up this convenience sample. The study was approved by the ethics committee of the Research Centre in Gerontology and Geriatrics, Sherbrooke Geriatric University Institute (Que Âbec).
Data collection
Data on age, hospitalizations in the past year and chronic illness were collected for all subjects. Impedance measurement was followed by anthropometric measurements and a brief health and functional status questionnaire, the SF-36 (Ware & Sherbourne, 1992) was administered by the examiner during a rest interval provided approximately half way through the initial session. All other measurements were performed in random order, alternating between upper (handgrip using 2 different apparatus, isometric elbow¯exion) and lower (isometric knee extension, Timed`Up & Go') extremity tests. Repeat handgrip strength, functional lower extremity strength and isometric muscle strength tests were conducted at an interval of one week for all subjects. All measurements were conducted by the same examiner (VB).
Bioimpedance measurement
The estimation of FFM was conducted using the BioImpedance Spectrum Analyzer (Model 4000B, Xitron Technologies, San Diego, CA). Bioimpedance spectroscopy makes resistance, reactance, impedance and phase angle measurements throughout the entire frequency range of interest (50 frequencies from 5 KHz to 1 MHz) and uses a curve-®tting model to calculate the overall extracellular and intracellular¯uid resistance. Computer modeling was performed using the manufacturer's software. Fluid volumes and FFM were predicted from regression analysis and known dependent variables using the equations supplied by the manufacturer. High intra-observer reliability for measures of resistance and reactance carried out twice the same day was shown in adult subjects (Chumlea et al, 1994) and in frail institutionalized elderly for measures carried out three times on the same day and once a day over a 5 d period (personal data) using the Xitron 4000 methodology. BIS estimates of body water compartments and FFM showed high correlations and low standard errors of the estimates when compared with corresponding results from reference techniques (bromide or deuterium oxide dilution and total body potassium) (Van Loan et al, 1993; De Lorenzo et al, 1997) .
Whole body measurements (wrists to ankle) were conducted on the right side of the body, according to standard procedures (National Institutes of Health Technology Assessment Conference Statement, 1994) . The analyzer was self-calibrated before each measurement session, using a standard resistor (422O) supplied by the manufacturer. Measurements were made b 2 hours after eating and within 30 min of voiding. For all subjects, testing was conducted in the morning to control for any diurnal bodȳ uid¯uctuations (Deurenberg et al, 1990) . The subject was clothed, with shoes, socks, jewelry and glasses removed, and in a supine position. This position was maintained for 10 min prior to testing to accommodate for the sharp rise in impedance that is known to occur within this time period (National Institutes of Health Technology Assessment Conference Statement, 1994).
Anthropometric measurements
Height and weight were measured with the women wearing indoor clothing and without shoes, using a level platform with an attached measuring tape and a portable scale (Health-O-Meter electronic digital strain gauge scale, Bridgeview, Illinois 60455), and recorded to the nearest 0.2 cm and to the nearest 0.2 kg respectively. Prior to taking these measurements, the subject was asked to report her usual weight and any recent changes. Body Mass Index (BMI) was calculated as measured weight (kg)/height (m) 2 and the value was used in an age-speci®c prediction equation for body density [Density 1.0607 (70.0022 6 BMI)] (Visser et al, 1994) . FFM was then estimated according to Siri's equation (Siri, 1961) .
Measures of handgrip strength
Handgrip strength was measured using an adjustable hand dynamometer (Jamar TM Model PC5030J1ÐTherapeutic Equipment Corporation, Clifton, NJ) and a vigorimeter (Martin, Elmed, Addison IL). For both instruments, the subject was seated on a standard (46 cm) straight back chair without arm rests. Hips and knees were at right angles. Upper extremity position was ensured according to standardized procedures (American Society of Hand Therapists, 1981; Mathiowetz et al, 1984) . All subjects were instructed to squeeze the handle (second position) or the bulb (medium-sized) as hard as they could upon the examiner's signal. Verbal encouragement was provided throughout the period of effort that did not exceed 10 s. Using each apparatus, three measurements were taken for each hand, alternating dominant/non-dominant. Hand dominance was reported by the subject. Recommended rest intervals to permit muscular recovery between replicate trials were provided. Results were recorded in kilograms (Kg) (Jamar TM ) or in kiloPascals (kPa) (Martin).
Lower extremity functional strength test Lower extremity functional strength was measured using the Timed`Up & Go' test (TUG) conducted on linoleum oor surfaces according to standardized procedures (Podsiadlo & Richardson, 1991) . The subject wore her usual footwear and any usual assistive device was allowed. Verbal encouragement was provided but no physical assistance was given. A stopwatch was used to time the test and result was recorded to the nearest tenth of a second.
Isometric muscle strength testing
Maximum voluntary isometric strength of the knee extensors (quadriceps) and elbow¯exors (biceps) was tested using a hand-held dynamometer (Microfet2 TM Hoggan Health Industries Draper Utah). Muscle testing, using the belt-resisted,`make' test, was performed bilaterally for each muscle group. For all measurements, the resister belt was threaded through the hand strap of the dynamometer which was ®tted with the curved transducer pad (Desrosiers et al, in press ). The subject was seated in a straight back arm chair (46 cm) with arm rests with shoulders abducted and neutrally rotated, hips at right angles. Three maximal contractions were recorded on each side. All contractions were of 4 s duration and completed about 30 s apart. Consistent verbal encouragement was given throughout the period of effort. Peak force of each contraction was recorded in newtons. Threshold position of the dynamometer was maintained on the`high' setting.
The elbow¯exion was measured with the subject's arm resting on the arm of the chair, with the limb segment and dynamometer positioned as described by Bohannon (Bohannon, 1986) . The belt was secured to the arm of the chair, tight enough to stabilize the forearm but not so tight as to create pressure. Knee extension was measured with the subject seated with the knee at 60 from full extension, foot resting¯at on the¯oor. The pad was applied perpendicularly to the anterior surface of the leg, just proximal to the malleoli (Reed et al, 1993) . The belt was secured to the adjacent leg of the chair (Desrosiers et al, 1997) .
Medical outcomes study short-form 36 (SF-36)
A multi-dimensional evaluation of health and functional status was obtained using the SF-36 health survey questionnaire (Ware & Sherbourne, 1992) . Good construct validity was recently reported in the elderly (Weinberger et al, 1991) as well as test-retest reliability (Brazier et al, 1992) . Permission to use the instrument and its French translation had been obtained from the Medical Outcomes Trust and Dr. Sharon Wood-Dauphne Âe, respectively. For each dimension (physical functioning, role-physical, pain index, general health perceptions, vitality, social functioning, role-emotional and mental health index), items were coded, summed and transformed on to a scale from zero (worst health) to 100 (best health).
Data analysis
Differences between FFM estimated by BIS and FFM predicted from BMI equation were tested with paired Student's t-tests. A one-way analysis of variance was used to assess whether BMI or FFM differed according to age categorized as`76, 76±85 and 86.
Correlation analysis was used to assess relationships between FFM and each functional status indicator using the highest or best score obtained from either side of the body and either test session. Pearson product moment correlation coef®cient was used for normally distributed variables; otherwise, Spearman's rho was calculated. The Wilcoxon Rank-Sum test was used to compare the mean strength values between subgroups classi®ed by level of pain or depletion. Raw scores for the bodily pain index reported in the SF-36 were used to dichotomize the sample into those with (score 6.1) and without (score b 6.1) pain. In order to adjust for height and circumvent the problem of reporting a lower percent FFM in overweight subjects because of their higher % body fat, subjects were also classi®ed according to the criteria suggested by Schols et al (Schols et al, 1993) . Body weight and BIS determined FFM were expressed as a percentage of ideal body weight for height (IBW) (Metropolitan Life Insurance Company, 1983) . Subjects were classi®ed according to normal (90% IBW) vs below normal (`90% IBW) body weight and a regression-derived cutoff value for normal (63%) vs below normal (`63%) FFM given their ideal weight for height (Schols et al, 1993) .
The intraclass correlation coef®cient (ICC) (Fleiss, 1986 ) was used to assess test±retest reliability using the highest score obtained at each of the test sessions. A 95% con®dence interval (Bravo & Potvin, 1991) was calculated for each measurement The Student's t-test for mean differences jT 1 À T 2 j 0 was used to test the presence of any systematic bias. The level of statistical signi®cance (a) was ®xed at 0.05. The statistical analyses were performed with SAS (SAS Institute Inc., 1995).
Results
The study population consisted of 30 frail elderly women with a mean age of 81.5 AE 7.0 y (range 65±94 y). Twentyone women were suffering from arthritis, half of them reported digestive problems, such as peptic ulcers, liver or gall-bladder disease. A third of the respondents had cardiac or circulatory problems and 8 out of 30 had been hospitalized during the previous year. All subjects were ambulatory, however, seven used a cane and three a walker.
Nine women stated that they have lost weight during the last 12 months; this loss was greater than 10% for six women. Despite these losses, mean BMI (26.0 AE 4.7 kg/m 2 ) was in line with BMI values (24±29 kg/m 2 ) associated with the lowest morbidity, functional dependency or mortality among the elderly (Harris et al, 1988; Cornoni-Huntley et al, 1991; Kubena et al, 1991; Galanos et al, 1994; Launer et al, 1994) . According to these criteria, 9 (30%) and 7 (23%) of the frail elderly women were at high risk because of low or high body weight for height, respectively. FFM estimated from BIS was strongly correlated [Pearson's; r 0.87; P`0.001] with the prediction of FFM using an equation based on BMI (Visser et al, 1994) . However, although the mean difference between these methods was not statistically signi®cant (mean 0.90 kg; P 0.06), the individual differences between these two methods tended to increase as total body water estimated from BIS increased. Two subjects with differences above the 95th percentile of their distribution were excluded from correlation analyses. FFM was likely to be overestimated in these two subjects since their calculated ratios of extra-to intracellular water were very low. Table 1 shows body composition data calculated from BIS for our frail elderly women compared to data from three previous studies using a similar methodology in slightly younger, apparently healthy, elderly women who were living autonomously (Blanchard et al, 1990; Broekhoff et al, 1992; Ferry et al, 1992) . Despite a similar BMI, the amount of FFM was lower in the frail as compared to autonomous elderly women. As a result, the proportion (%) of total body fat is greater in our sample of frail women. Within our sample, no statistically signi®cant differences by age were found in BMI (F 0.42; df 2, P 0.66) or FFM (F 0.04; df 2, P 0.96), despite the wide age range. The frail elderly women were slightly shorter than women from previous studies. To adjust for the fact that shorter women have lower percent FFM, the percent lean body mass given an ideal body weight for height was also examined. The overall mean percent FFM for IBW (61.4 AE 7.8%) is also illustrative of the fact that even in relation to desirable body weight, the FFM was very low in this group. Five women (17.9%) wee classi®ed as below normal in both weight (`90% IBW) and FFM (`63%). The mean %FFM in this group was only 51.3 AE 5.7%. The remaining women were classi®ed as having normal weight (90% IBW), but within this category, the majority (14 out of 23) had below normal %FFM (mean value 59.1 AE 2.6%). Similar results were obtained while using anthropometry predicted FFM. Since the reduction of lean body mass associated with aging is mainly due to loss of muscle mass (Cohn et al, 1983) , sarcopenia, de®ned as age-related loss in skeletal muscle mass, thus appears to be more prevalent within this frail elderly population as compared to another healthy elderly groups.
All measures of strength were signi®cantly correlated with FFM estimated by BIS (Figure 1 ). FFM estimated from anthropometry (Visser et al, 1994 ) also signi®cantly correlated with indicators of muscle strength with Pearson's coef®cients ranging from r 0.42 (P 0.03) to r 0.56 (P 0.002). All measures of upper extremity strength (handgrip and biceps) were strongly intercorrelated (r ! 0.63; P`0.001). Upper and lower extremity strength measures were also correlated, with handgrip (Jamar TM ) (r 0.62, P`0.001) and biceps (r 0.66, P`0.001) having the strongest association with quadriceps. In contrast, the Timed`Up & Go' test, a measure of global function, was not associated with FFM.
A comparison of muscle strength for subjects classi®ed as depleted (`63% FFM for IBW) (n 19) vs those classi®ed as having normal %FFM (n 9) indicated signi®cantly lower isometric muscle strength in the depleted group but no signi®cant difference in handgrip or lower extremity functional strength tests, although differences were in the expected direction (Figure 2) .
In this particular group of frail elderly women of which 70% suffered from arthritis, all muscle and functional strength measures were signi®cantly lower (P`0.04) in women who reported pain (n 11) as compared to those reporting no pain (n 19), with the exception of quadriceps strength (P 0.08). Correlations between FFM and all muscle strength measures remained within the subgroup reporting no pain (r ! 0.50, P 0.05; r ! 0.42, P 0.07), but were no longer statistically signi®cant among women reporting pain, suggesting a strong interference of pain in muscle testing.
The relationship of muscle strength and functional measures to perceived functional capacities assessed by the SF-36 provides a measure of the importance of the strength measures to generic health status. The Timed`Up & Go' (TUG) was correlated with all subscales of the SF-36 (Table 2) . Among muscle strength measures, the strongest correlations were observed with the biceps strength, having signi®cant associations with all subscales except mental health index and emotional role. These last subscales of the SF-36 questionnaire were not associated with any of the functional or strength measures whereas pain index and vitality were consistently related to strength and functional measures. FFM was not correlated with any of the SF-36 subscales.
Results of the test±retest reliability are shown in Table 3 . With the exception of right knee extension strength, ICC ranged from 0.80±0.93, indicating very good to excellent temporal stability of these measures. The only case of any systematic bias in the measures repeated one week apart was handgrip strength, measured by the Jamar TM dynamometer, where a signi®cant improvement over the two measures suggested a learning effect.
Discussion
To our knowledge, this study is the ®rst report of body composition of free-living frail elderly women. The mean age (81.5 y) of the individuals who participated is also noteworthy in that few investigations have managed to recruit subjects with a mean age greater than 75 y. Conducting ®eld study among this less frequently studied subgroup of the elderly population implies that measurements be non-invasive and applicable in community settings. In this context, BIS represents an interesting inexpensive alternative for the estimation of body composition, despite 40.0 AE 6.5 37.9 AE 2.5 42.1 AE 5.9
a " x AE s.d. b Estimated from bioelectrical impedance using multi-frequency (Ferry et al, 1992 and present study) or single frequency (50KHz) (Blanchard et al, 1990 and Broekhoff et al, 1992) methodology.
concerns about the validity of the method when compared with sophisticated reference techniques. The estimates of FFM of these women were within the range but somewhat lower than previous reports for well elderly women (Reed et al, 1991; Blanchard et al, 1990; Broekhoff et al, 1992; Ferry et al, 1992; Visser et al, 1995) and lower than the reference value (37 kg) for the average elderly female with a BMI of 25.6 kg/m 2 proposed by Forbes (Forbes, 1987) . In very close agreement with our ®ndings, Fiatarone et al (1991) reported a value for FFM of 34.5 AE 6.0 kg estimated Figure 1 Correlations between fat-free mass (Bio-impedance Spectrum Analyzer) and functional status indicators in free-living frail elderly women (n 28).
Muscle mass and strength in frail elderly H Payette et al Figure 2 Muscle strength of free-living frail elderly women (n 28) according to level of FFM depletion: j (n 19) FFM`63% IBW (Schols et al, 1993) ; u (n 9) FFM ! 63% IBW (Schols et al, 1993) . a Medical outcome study short-form 36 (Ware & Sherbourne, 1992) . b Handgrip strength measured by the Martin vigorimeter. c Spearman's rank correlation r (P value). (Fleiss, 1986) . b 95% CI: 95% con®dence interval around the ICC (Bravo & Potvin, 1991) . c Pr b |T |: Probability associated with Student t-test statistics for mean of differences jt 1 À t 2 j 0Y P`0X05.
from O 18 dilution technique in 14 female nursing home residents aged 72±99 y. Our results also indicate that even among women with a seemingly appropriate weight for height, many have very low FFM, indicating muscle wasting, with a greater than expected percentage of body fat.
Many elderly subjects take diuretics, have pacemakers or arti®cial prostheses that preclude or invalidate impedance measurements. Because of these exclusions BIS is not widely applicable. Comparison of FFM estimation using BIS with the estimation using Visser's equation including height and weight indicated high correlation and the classi®cation of individuals by whether or not FFM was depleted was identical in 26 out of 30 individuals. These ®ndings confer with those of Deurenberg and colleagues (Deurenberg et al, 1991) .
Using BIA (Schols et al, 1993) have shown that among elderly patients with chronic obstructive pulmonary disease (COPD), depletion of FFM can occur despite a normal body weight for height and is associated with lower measures of respiratory and peripheral body strength (Schols et al, 1995) . We found that muscle strength measurements were lower among those who had a low FFM, despite an apparently healthy body weight for height, but only biceps and quadriceps strengths were signi®cantly different. Lack of statistical power associated with small number of non-depleted subjects (n 9) may partly explain these results.
No subject in this sample could be classi®ed as underweight with normal FFM. All subject with a body weight 90% IBW had depleted FFM and of those with an adequate body weight, more than half were depleted. Although the criteria used to de®ne depleted FFM is arbitrary and might classify too many women as depleted, no other cutoff has been used in the literature and absolute values of FFM in our population were well below the reference established by Forbes (Forbes, 1987) . Loss of skeletal muscle mass is the principle component of the decline in FFM seen with aging (Cohn et al, 1983) . The exact causes of this age-related loss are not known, nor has the prevalence or incidence of sarcopenia in the elderly population been determined. Within our sample, age (ranging from 65±94 y) was not related to FFM, suggesting that the link between sarcopenia and aging is in¯uenced by many other factors than chronological age. In addition to disuse, disease processes or drug treatment, inadequate protein intake may also be an important cause of loss in muscle mass (Meredith et al, 1992) . The relative preservation of FFM in heavier subjects may be due to the higher energy intake and, as a consequence, higher protein intake. There is growing evidence that protein requirements in elderly individuals may in fact be higher (1.0 g/kg body weight/d) than current recommendations (0.86 g/kg body weight/d) (Campbell et al, 1994) . The preservation of lean body mass in heavier subjects may also be a factor in the better survival of heavier COPD patients compared to those who are at what is generally accepted as normal body weight (Chailleux et al, 1992; Gray-Donald et al, 1996) .
The relationship of strength measures to FFM was very evident in this homogeneous sample even though possible imprecision of the BIS estimates could have attenuated the correlation coef®cients. Previously reported correlations of FFM and muscle strength have often been confounded by gender, as males have both a higher percentage of FFM and greater muscle strength than women (Frontera et al, 1991; Reed et al, 1991; Hyatt et al, 1990) . Although one can improve muscle strength through muscle training in well nourished elderly without weight gain nor change in FFM (Fiatarone et al, 1994) , it is important to recognize that many frail elderly have reduced FFM and, associated with this loss, they have incurred a substantially reduced muscle strength. These individuals may or may not respond to muscle training without nutritional supplementation as well.
Reduced muscle strength has tremendous potential implications on the ability of these frail elderly to perform activities of daily living necessary to maintain their independence in the community (Hyatt et al, 1990; Bassey et al, 1992) . Interestingly, in our study with a very homogeneous population, the low FFM was not related to the Timed`Up & Go' test measuring a combination of balance, gait speed and physical mobility, and correlating strongly with all aspects of perceived function. Although this global test requires preserved muscle mass and strength, it is also determined by a combination of many factorsÐstrength, endurance,¯exibility, balance and coordination (Dutta & Hadley, 1995) . Other factors such as vision, medication or fear of falling are also likely to in¯uence performance.
Pain appeared to be attenuating the relationship between muscle strength and FFM. Chumlea and colleagues (Chumlea et al, 1995) have also highlighted the volitional problem of subject performance stating it may affect results and be compounded by arthritis or other degenerative diseases/ conditions that limit function in the limb being tested.
Outcome measures for use in the evaluation of the effectiveness of nutrition interventions conducted in the elderly are greatly needed (Gray-Donald et al, 1994; GrayDonald et al, 1995) . Whether the evaluation occurs in a long-term care setting, private clinic or as part of a community-based effort of improving nutritional status, these indicators must be uncomplicated, reproducible and sensitive to changes in body composition. To date, functional status indicators that have been used to measure the effectiveness of nutritional intervention in the elderly have included handgrip strength as measured with the Jamar TM dynamometer (Gray-Donald et al, 1995; Efthimiou et al, 1988; Lewis et al, 1987) , quadricep strength (Goldstein et al, 1986) and various health-related quality of life instruments (Gray-Donald et al; Efthimiou et al, 1988) . Response, in the wake of signi®cant improvements to nutritional status, has been con¯icting in terms of handgrip and ability of life measures. In this study, another instruments for testing grip more ergonomically suitable for use in the elderly, and another muscle group, namely the biceps, that had never before been used in this fashion, were shown to be valid and reliable indicators of FFM. Our results also highlighted a practice or motor learning effect in the case of Jamar TM -tested handgrip strength which has not been previously reported (Mathiowetz et al, 1984; Desrosiers et al, 1995) although this is the ®rst test-retest conducted in frail elderly women. Because of the inherent limitations of the cross-sectional study design, there is a need to examine these relationships longitudinally to assess the evaluative abilities of these measures or variability within individuals over a period of time.
Conclusions
We have found that free-living frail elderly women have a substantial reduction in FFM. The reason for this is not known, but may be the result of chronic inactivity, low protein or energy intake or related to losses that occurred during an acute illness. The maintenance of adequate FFM is an important aspect of preventive health in this frail elderly population because of the close relationship of FFM and strength and perceived functional capacities. In the free-living frail elderly, daily adequate nutritional intake is important and nutritional support during acute episode of illness is essential. Prevention of the depletion of FFM may help to maintain good functional status in the elderly.
